Substantial theoretical and empirical literature suggests that the extent to which children's early experiences contribute to the development of aggressive behaviors may depend on the psychophysiological regulatory capacities of the child. This study adds to this literature by examining the relations between mothers' rejecting child-rearing attitudes and children's aggressive behaviors, as well as whether children's parasympathetic regulation, both at rest and in response to anger-inducing films, moderate these links. Using the data collected from 88 preschoolers (m age = 51 months), the results revealed that the positive association between mothers' rejecting child-rearing attitudes and children's aggressive behaviors was moderated by respiratory sinus arrhythmia (RSA) reactivity to anger. More rejecting child-rearing attitudes predicted more aggressive behaviors only for children who showed mild RSA suppression to RSA augmentation. Conversely, and consistent with the differential-susceptibility model, children who showed mild RSA suppression to RSA augmentation had the fewest aggressive behaviors when mothers reported less rejecting child-rearing attitudes.
| INTRODUC TI ON
Aggression in early childhood is predictive of aggressive and delinquent behaviors in adolescence and adulthood. Identifying early mechanisms that foretell aggressive behaviors represents a significant step toward the development of early intervention and prevention efforts (Lahey et al., 2008; Raine, 2002) . Research on the topic suggests that the ways in which mothers exert influence on the development and expression of children's aggressive behaviors are many (Côté, Vaillancourt, LeBlanc, Nagin, & Tremblay, 2006; Davies, Sturge-Apple, Cicchetti, Manning, & Vonhold, 2012) . Mothers' parenting attitudes, specifically rejecting attitudes, may constitute one risk factor for the emergence and exacerbation of aggressive behaviors in early childhood (e.g., Rubin & Mills, 1992) .
Importantly, recent theoretical and empirical work have shown that the extent to which early experiences with parents contribute to children's psychopathology partially depends on the regulatory capacities of the child (Cicchetti & Natsuaki, 2014; Ellis & Boyce, 2008) .
As such, in the current study, we examined the direct and interactive influences of mothers' rejecting attitudes and children's autonomic regulation on aggressive behaviors in preschool.
| Rejecting child-rearing attitudes
Most etiological models of aggressive and antisocial behavior include or begin with the parent-child relationship. Many aspects of this relationship, including both positive and negative behavioral qualities (e.g., Wagner, Mills-Koonce, Willoughby, Zvara, & Cox, 2015; Wagner, Hastings, & Rubin, 2017) , have been implicated in these processes.
There is also research suggesting that parents' rejecting attitudes toward their children are likely to undermine the ability of the caregiving environment to meet the emotional and regulatory needs of the child, thus posing risk for aggressive behaviors (Fraley, Roisman, & Haltigan, 2013; Sroufe, Coffino, & Carlson, 2010; Wagner et al., 2015) . Parents who have rejecting child-rearing attitudes are characterized by often feeling angry or resentful about their relationship with their children, feeling disappointed, devaluing the importance of affectionate responses while interacting with their children, and making their children aware of these attitudes through behavioral expression. Mothers' rejecting child-rearing attitudes may contribute to children's aggressive behaviors by influencing the formation of uncertain or rejecting internal models of relationships (Bretherton & Munholland, 2008; Fraley, 2002) . Early experiences with caregivers guide children in seeking and interpreting future social experiences (Fury, Carlson, & Sroufe, 1997) , and children raised by parents with rejecting child-rearing attitudes may anticipate similar aversive experiences from others, priming them to be antagonistic. Guided by the extant research, we examined whether maternal rejecting attitudes contribute to children's expression of aggressive behavior.
| Children's parasympathetic regulation
The processes underlying the emergence of aggressive behaviors in early life are embedded within a network of biological and contextual influences. A developmental psychopathology approach suggests that an individual's psychophysiological functioning directly affects the expression of children's aggressive behaviors and may either potentiate or attenuate the impacts of early experience (Cicchetti & Rogosch, 1996) . Children's parasympathetic nervous system (PNS) functioning, a component of the autonomic system, plays an important role in the emergence of children's self-regulatory capacities by facilitating the maintenance of homeostasis and the consolidation of internal resources in response to external demands (Calkins, Propper, & Mills-Koonce, 2013) . Respiratory sinus arrhythmia (RSA) is a measure of the variability in heart rate that occurs at the frequency of breathing and is commonly used to index PNS activity (Porges, 2007) . Relatively high baseline RSA is typically associated with positive physiological and behavioral adaptation (Suess, Porges, & Dana, 1994) , including attenuated stress responses, better cognitive control (Feldman, Rosenthal, & Eidelman, 2014) , and positive social interactions (Patriquin, Lorenzi, Scarpa, Calkins, & Bell, 2015) .
Low baseline RSA, on the other hand, is associated with hostility, anxiety, and aggression (see Beauchaine, 2001 ). Lower baseline RSA in children has been associated with the display of aggressive behaviors (e.g., Perry et al., 2014; Wagner et al., 2015) .
The maintenance of baseline RSA is itself a dynamic and regulatory process (Propper & Holochwost, 2013) , and provides insight into potential constraints on the magnitude of regulatory responses, whereas RSA reactivity provides specific insight into individuals' actual regulatory capacity in emotionally salient contexts (Porges, 2007) . The polyvagal theory provides a neurobiological framework for understanding the role of the parasympathetic system in supporting adaptive social engagement with the environment. Porges (2007; Porges & Furman, 2011) proposed that the direction and magnitude of changes in PNS activity connote how stimuli or contexts are interpreted as personally relevant, which he termed neuroception.
Mild-to-moderate augmentation of parasympathetic influence (i.e., increased RSA) supports social engagement in safe, nonthreatening contexts, whereas mild to moderate parasympathetic suppression (i.e., decreased RSA) supports orientation to stimuli and preparedness for active responding (Hastings, Kahle, & Han, 2014) . Stronger suppression of PNS regulatory influences on the heart potentiates the expression of sympathetic influence, a system that fosters mobilization behaviors (e.g., fight or flight) in response to threat or challenge (Calkins & Keane, 2004 ).
As such, RSA suppression during emotionally challenging tasks (e.g., the direct induction of anger) has been associated with fewer aggressive behavior problems (Calkins & Dedmon, 2000; Calkins & Keane, 2004) . Furthermore, moderate RSA suppression could be a normatively expected autonomic response when indirectly perceiving or experiencing emotions in others, like video presentations of anger, if those stimuli are viewed as necessitating an active response and allocation of attention. However, theory suggests that RSA augmentation in these contexts might also be an expected response such that the child perceives the situation as nonthreatening and requiring attention or social engagement (Porges, 2007; Porges & Furman, 2011) . In fact, a dynamic pattern of mild RSA suppression followed by RSA augmentation or recovery during an anger-inducing film was positively associated with children's control of aggression in a sample of children aged 4 to 7 (Miller et al., 2013) .
To consider the role of children's autonomic functioning when investigating links between mothers' rejecting child-rearing attitudes and children's aggressive behaviors, the current study is drawn from substantial empirical and theoretical research that has provided a framework for understanding how children's psychophysiology and regulatory capacities may moderate the influences of early experience. For example, the diathesis-stress model suggests that environmental risk (e.g., rejecting child-rearing attitudes) is more likely to negatively impact the development of individuals who possess vulnerability factors (e.g., poor self-regulation) but less likely to impact nonvulnerable individuals (Boyce & Ellis, 2005; Pluess, 2015) . On the other hand, differential susceptibility models posit that vulnerability factors are better understood as plasticity factors, which may not only increase risk for negative outcomes in risk contexts but may also increase the likelihood of positive outcomes in less risky contexts (Pluess & Belsky, 2010; Roisman et al., 2012; Wagner, MillsKoonce, Willoughby, & Cox, 2017) .
Theoretical and empirical research by Porges and others suggests that low resting parasympathetic functioning and low suppression in response to salient environmental cues may indicate a degree of underarousal, thus contributing to difficulties with inhibiting aggressive behaviors (Blair, 2015; Gao, Raine, Venables, Dawson, & Mednick, 2010; Porges & Furman, 2011) . For children whose early experiences with rejecting child-rearing attitudes have potentially increased the propensity for aggression across relationships, patterns of parasympathetic under-arousal could exacerbate this risk by reducing the effectiveness of a potential regulatory barrier to aggressive behaviors. Given that low PNS reactivity, or RSA augmentation, may facilitate engagement with contexts perceived as safe (Porges & Furman, 2011) , it could pose a risk for children who manifest such physiological responses in a socializing context characterized by rejecting childrearing attitudes, increasing the likelihood that they would learn from and emulate that aversive interpersonal style in their interactions with others. Conversely, children who show a parasympathetic response to emotionally salient stimuli that supports calm engagement and who are being raised in the context of a parent-child relationship void of rejecting attitudes may be more able to internalize and benefit from the positive aspects of their parenting experiences, thus demonstrating lower levels of aggression, than children who demonstrate RSA suppression during emotional experiences.
Despite the body of research examining the links between parenting behaviors and aggressive behaviors, researchers have yet to study the influences of rejecting child-rearing attitudes on young children's aggressive behaviors. Furthermore, the extent to which children's RSA functioning may moderate these associations has not been examined. In the current study, we attempted to address this gap in the literature using measures of RSA functioning, both at rest and in response to a film designed to elicit feelings of anger.
We expected that mothers' rejecting child-rearing attitudes would directly predict higher levels of aggressive behaviors in preschool.
Furthermore, we expected that lower baseline RSA and reduced RSA suppression or RSA augmentation in response to an anger-inducing film would predict higher levels of aggressive behaviors in preschool.
Finally, consistent with a differential susceptibility hypothesis, we expected that, for children exhibiting lower baseline RSA and reduced RSA suppression, or RSA augmentation, caregivers' rejecting child-rearing attitudes would predict children's aggressive behaviors for better (i.e., less aggression with less rejecting caregivers) and worse (i.e., more aggression with more rejecting caregivers).
| ME THODS

| Sample
Participants were drawn from a study of children's socioemotional development (Hastings, Rubin, & DeRose, 2005) . Data from 88 children (girls = 42) were collected when children were approximately 4 years of age (M = 51 months, SD = 1.33). Families were recruited from an urban community of approximately 300,000 living in southwestern Ontario, Canada. Most participants were Caucasian (97%) and married (96%) and had some college education (63.8% at least one year of college).
| Procedure
Details on study procedures for age 4 data collection have been widely published and are briefly summarized here (Hastings et al., 2005) .
Mothers provided informed consent for their own and their children's participation in the study. Mothers also provided demographic data and completed questionnaires at the age 4 laboratory visit.
| Measures
| Baseline RSA And RSA suppression
Three adhesive electrodes applied to the ventral surface of the child's chest were connected, via an UFI iso/Fetrode signal amplifier, to a Delta-Biometrics Vagal Tone Monitor-II. Children sat on a chair beside and slightly in front of their mothers. Cardiac data were collected during a 2-minute baseline period while children watched a low-action cartoon. Immediately following this, children watched a narrated comic-strip film which presented multiple emotionally salient stories (Cole, Teti, & Zahn-Waxler, 2003) . The videotape included an introductory segment during which children were told they were going to watch a story about a child who lived on another planet. Two anger-inducing portions of the video, each 1 minute in length, depicted the child expressing anger toward an antagonistic peer, and the child having a heated argument with her/his mother.
Both scenarios were accompanied by dramatic music, and both had a positive resolution.
Recording errors in the cardiac interbeat intervals were edited using MxEdit software. MxEdit also computed RSA in the 0.24-1.04 Hz frequency bandwidth, using the full durations of the baseline and the two anger-themed scenarios, which was used as the index of children's parasympathetic influence on cardiac activity.
RSA change was calculated by subtracting the average RSA value measured during the anger-inducing film from baseline RSA. As such, positive change scores indicate RSA suppression and negative change scores indicate RSA augmentation (an increase in RSA in response to the film).
| Rejecting child-rearing attitudes
Mothers' rejecting child-rearing attitudes were assessed using the Child-Rearing Practices Report (CRPR; Block, 1961) , a set of 91 index cards each bearing a description of a possible parenting practice or attitude. Mothers were asked to sort the cards into seven piles based on how well they described the mother-child relationship. Guided by previous research with this sample and with other samples (e.g., Hastings et al., 2005) , an unweighted mean of five items (e.g., "often feel angry with my child") was used to create an index of rejecting child-rearing attitudes (α = 0.23). Despite the forced-ranking paradigm of the Q-sort methodology inherently contributing to low correlations among individual items, the CRPR has been validated for use in this sample (e.g., Hastings et al., 2005) .
| Aggressive behaviors
The measure of children's aggressive behaviors was derived from the Child Behavior Checklist (CBCL; Achenbach, 1991) . The CBCL was completed by mothers and comprised 102 items on a 3-point Likert scale ranging from 0 (not true) to 2 (very true or often true). The aggressive behaviors composite comprised 20 aggressive items such as "cruelty or meanness" and "disobedient." The aggressive behaviors composite has been used widely in the literature (e.g., Achenbach & Dumenci, 2001; Calkins, Graziano, & Keane, 2007; Mesman, Bongers, & Koot, 2001 ).
| Covariates
Mothers reported children's age, sex, and levels of maternal education upon entry into the study. Attention problems were derived from the CBCL and were included as a covariate to account for the comorbidity between attention and behavior problems often reported in the literature (Belsky, Pasco Fearon, & Bell, 2007; Oliver, Barker, Mandy, Skuse, & Maughan, 2011) .
| Analysis plan
The primary analytic approach involved estimating a series of linear regressions in which children's aggressive behaviors were regressed on mothers' rejecting child-rearing attitudes, children's baseline RSA, and change in children's RSA in response to an anger-inducing film. The first model examined the main effects of rejecting childrearing attitudes and children's RSA functioning on aggressive behaviors. The second model examined the extent to which children's baseline RSA and RSA change moderate the links between rejecting child-rearing attitudes and children's aggressive behaviors.
The nature of significant interactions was elucidated following the recommendations provided by Roisman and colleagues (Roisman et al., 2012) . First, to estimate a snapshot of the association between the predictor and outcome at two specific reference points, significant interactions were probed at one standard deviation above and below the mean for the moderator variables (children's RSA functioning). Second, regions of significance (RoS) analyses, which identify the exact range of values of the moderator for which the independent and dependent variables are significantly associated, were used to determine not only at which levels of RSA functioning do rejecting child-rearing attitudes predict aggressive behaviors, but also for which levels of rejecting attitudes these associations were significant. All participants with complete or partial data were included in the analyses using full-information maximum likelihood (FIML; Enders & Bandalos, 2001) , and both models were saturated. FIML is well recognized as an effective method for analyzing data with moderate to large amounts of missing data and has been demonstrated to provide less biased parameter estimates than other commonly used techniques, such as listwise deletion (Enders, 2013; Widaman, 2006) . Total missingness for each measure is reported in Table 1 . All analyses were conducted in Mplus 7.1 (Muthén & Muthén, 2017) . 
| RE SULTS
| D ISCUSS I ON
The current study adds to the literature on the development of aggressive behavior problems by examining the relations between mothers' rejecting child-rearing attitudes and children's aggression, as well as the extent to which these links are moderated by children's baseline RSA and RSA suppression in response to anger-inducing films. Mothers' rejecting child-rearing attitudes predicted TA B L E 2 Hierarchical regression models predicting children's aggressive behaviors more aggression at age 4, and children's RSA reactivity in response to two anger-inducing video stimuli was found to moderate the effects of rejecting child-rearing attitudes on aggression. Average to low levels of rejecting attitudes predicted less aggression and highly rejecting attitudes predicted more aggression, but only for children who demonstrated little to no RSA suppression or RSA augmentation in response to the anger-inducing films.
The ways in which parents influence children's aggressive behaviors are many (e.g., Cox, Mills-Koonce, Propper, & Gariépy, 2010) , and the current study shows that rejecting child-rearing attitudes predict children's aggressive behavior problems. Explanations for this link include the possibility that parents who have rejecting child-rearing attitudes limit the ways in which they make themselves available to aid in the regulation of children's behaviors in emotional contexts.
Additionally, parental emotional awareness, beliefs about emotions, and emotion socialization have all been shown to play an important role in the emergence of psychopathology (Gottman, Katz, & Hooven, 1996) , and rejecting child-rearing attitudes may limit the extent to which parents adequately socialize emotion-related regulation and behaviors.
However, the current findings suggest that the impact of parents' rejecting child-rearing attitudes is not uniform across children.
RSA modulation in response to external stimuli provides insight into how children perceive their experiences. For example, moderate withdrawal of vagal enervation (i.e., RSA suppression) in response to challenging or demanding tasks likely reflects an adaptive allocation of energy and focus of attention that could promote active coping. Experiences of threat or extreme challenge typically result in stronger RSA suppression which allows for sympathetic activation and the mobilization of resources to provide an adequate response (Calkins & Keane, 2004) . Consistent with a differential susceptibility framework, in the current study, we found that rejecting child-rearing attitudes predicted children's aggression, but only for children who demonstrated very little RSA suppression or increases in RSA in response to the anger-inducing films, also known as RSA augmentation.
A lack of RSA suppression or RSA augmentation in response to external stimuli suggests that contextual cues are being perceived as not requiring allocation of resources and preparedness for active responses to threat (Porges, 2007; Porges & Furman, 2011) . Rather, very little RSA suppression or RSA augmentation might suggest that the environment is perceived to be safe and engagement may be facilitated, as is typically the case with contextual cues that are positive, social, or benign, such as looking at a picture book or engaging with a caregiver. The current findings suggest that RSA augmentation in response to anger-inducing films represents a vulnerability factor in the context of mothers' highly rejecting child-rearing attitudes.
Children who view anger-inducing stimuli as a safe context for social engagement may be particularly susceptible to the negative consequences of mothers' child-rearing attitudes which convey feelings of disappointment, devalue the importance of affectionate responses, and are rejecting or undermining of children's emotional experiences.
Consistent with literature linking low RSA suppression or augmentation to children's aggressive behaviors, another potential interpretation for the current findings is that low suppression or augmentation might signify disengagement, or a failure to appropriately or fully orient to the social-emotional cues being presented (Porges, 1991; Porges, Doussard-roosevelt, & Maiti, 1994) . Indeed, a failure to engage with socioemotional cues in the environment may limit the extent to which aggressive behaviors are appropriately inhibited (e.g., Raine, 2002) . This interpretation of the findings suggests that an inability to effectively interpret and engage with emotionally salient stimuli in the environment exacerbates the links between rejecting child-rearing attitudes and children's aggressive behaviors.
The findings also suggest that low rejecting child-rearing attitudes are associated with lower levels of aggression for children who demonstrated no RSA suppression or RSA augmentation to an anger-inducing film. The concept of neuroception suggests that low RSA suppression or augmentation indicates that the environment is being perceived as safe for calm engagement (Porges & Furman, 2011) . Parents who have fewer rejecting child-rearing attitudes may provide a more supportive and validating environment for their children, particularly in emotionally arousing situations, than do parents with more rejecting attitudes (Fraley, et al., 2013; Wagner et al., 2015) . When experiencing evocative situations while with their nonrejecting caregivers, preschoolers who are in a physiological state that is supportive of calm engagement could be more prepared to observe, internalize, and emulate their parents' approach to social relationships than children who demonstrate RSA suppression thus resulting in lower levels of aggression (Grusec & Goodnow, 1994) .
Rejecting child-rearing attitudes X ΔRSA. Regions of significance and simple slope estimates for the interaction between rejecting parenting attitudes and ΔRSA in the prediction of aggressive behaviors. The shaded areas represent the point at which rejecting attitudes predict lower or higher levels of aggressive behaviors for children demonstrating low ΔRSA.
Thus, in accord with the differential susceptibility model (Pluess & Belsky, 2010) It is our hope that the current study can provide some foundation for future longitudinal research on these topics.
Additionally, there is a substantial body of research describing the processes through which parental beliefs influence parenting behaviors and the consequences for child development (e.g., Rubin & Mills, 1992) ; this study parallels this work by suggesting that mothers' rejecting attitudes towards parenting and socialization practices play an important role in understanding children's aggressive behaviors. However, the current study assesses only the absence or presence of negative parenting influences (e.g., low or high rejecting child-rearing attitudes) rather than the presence of positive parenting influences. In the future, researchers should explore how rejecting child-rearing attitudes are behaviorally manifested across different types of parenting influences, an endeavor that could also extend the current findings by assessing parenting behaviors observationally rather than relying on forms of maternal-report for parents' attitudes and children's aggressive behaviors. For example, researchers have shown that context-specific parenting practices such as emotion language use (Meins, Centifanti, Fernyhough, & Fishburn, 2013) or sensitivity in response to distress MillsKoonce et al., 2007) contribute to children's aggression. It would be important to test whether context-specific parenting mediates links between rejecting attitudes and behavior problems. Finally, researchers should consider incorporating multiple reporters of children's aggressive behaviors (e.g., teachers) rather than relying on maternal report as the current study does. Also, researchers could broaden the impact of this work by incorporating measures of attention (e.g., eye-tracking) when investigating autonomic regulation during emotional experiences so that clearer conclusions can be drawn regarding the extent to which parasympathetic functioning truly reflects engagement versus disengagement.
Despite these limitations, the current study contributes to our understanding of the implications of rejecting child-rearing attitudes for the development of aggressive behavior, and for whom these experiences are most consequential. A parasympathetic response to stimuli portraying angry social interactions of slight RSA suppression to RSA augmentation emerged as a differential susceptibility factor for mothers' rejecting attitudes. This may suggest that biofeedback or other intervention procedures to modulate children's parasympathetic regulation in the context of strong emotions could serve to protect against their risk for developing aggression problems in contexts of environmental risk, or conversely, to promote their receptiveness to more positive socializing influences in less risky environments.
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